Background: There is a need to use noninvasive markers in refining the management of ulcerative colitis to reduce the number of unnecessary colonoscopies, which facilitates the follow-up of activity and the response to treatment. Aim: Postulation of a sensitive, specific, simple and noninvasive score to monitor disease activity in ulcerative colitis. Methods: A case-control study was conducted: 168 patients with ulcerative colitis, 40 healthy individuals, and 60 patients for validation. Patients were divided into new diagnosis (n = 50), clinical remission (n = 60), and relapse (n = 58). The main outcome measures if the score correlates with clinical, endoscopic and histopathological characteristics and if it correlates with deep remission. Results: A scoring system was established composed of lactoferrin at a cutoff of 148.5 μg/mL, neutrophil lymphocyte ratio at a cutoff of 2.35, erythrocyte sedimentation rate at the first hour at a cutoff of 29.5 mm/h, C-reactive protein at a cutoff of 3.85 mg/L, mean platelet volume at a cutoff of 8.8 fL, fecal white blood cells at a cutoff of 9 cells/HPF, and fecal red blood cells at a cutoff of 6 cells/HPF. A score ≥5 can detect 94% of cases of UC as determined by the receiver operating characteristic curve with a sensitivity of 94% and a specificity 100%, AUC 0.92, SE 0.05, p = 0.001, 95% CI 0.82-1.1. In the validation group, it identified severely affected patients with a sensitivity of 95% and a specificity of 85.7%. Conclusions: This easily applied and reproducible noninvasive activity score showed high performance in predicting disease activity and deep remission in ulcerative colitis.
Introduction
Ulcerative colitis (UC) is one of the major forms of inflammatory bowel disease (IBD), which additionally includes Crohn's disease and indeterminate colitis, all characterized by idiopathic chronic inflammation of the gastrointestinal tract [1] .
The use of noninvasive markers in modulating the management of US reduces the number of colonoscopies with possible economic effects and facilitates the follow-up of activity and the response to treatment. They should be sensitive, specific, simple, and time-and cost-saving.
Lactoferrin (LF) is an iron-binding glycoprotein and a major component of the neutrophilic secondary granules. Leukocyte infiltration of the gastrointestinal mucosa increases fecal LF concentration. LF was found to be a sensitive and specific marker in measuring the activity of IBD and valuable in discriminating inflammatory from noninflammatory bowel states [2, 3] .
Complete blood count provides efficient, easy, and inexpensive markers of inflammation, such as mean platelet volume (MPV) and neutrophil lymphocyte ratio (NLR). Platelet count is increased in patients with IBD, mainly reticulated platelets due to the thrombogenic nature of UC [4] . MPV represents an indicator of platelet activation and is positively correlated with white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP); however, it is inversely correlated with IBD activity [5] .
NLR is a simple, inexpensive marker of inflammation that had been linked with several inflammatory and neoplastic diseases including colorectal cancer, gastric cancer, hepatocellular carcinoma, and pancreatic cancer. It reflects the magnitude of disease activity and is a useful marker for estimating intestinal inflammation [6] .
The aim of the current study is to facilitate monitoring disease activity, to follow up the response to treatment, and to predict relapse in UC by noninvasive markers and correlate these markers to both clinical and endoscopic severity of the disease.
Methods

Patient Selection
A case-control study was conducted in the IBD Clinic and Endoscopy Unit of the Internal Medicine Department, Zagazig University, Egypt, which is a tertiary referral center, in the period from July 2014 to August 2016. 390 patients were evaluated during this period; 222 patients were excluded as shown in Figure 1 , i.e., 168 patients (100 males and 68 females) fulfilled the inclusion criteria and were enrolled in study after being diagnosed with UC.
The patients were further subdivided into 3 groups: treatmentnaïve with a new diagnosis (n = 50), patients in remission (n = 60), and patients with relapse (n = 58).
Patients were included if the diagnosis of UC was documented using the clinical picture, laboratory, colonoscopic and histological findings. Clinical severity of active UC was evaluated by Truelove and Witts' classification [7] .
The exclusion criteria included patients who refused to participate in the study or to undergo colonoscopy, other forms of IBD such as Crohn's disease, acute infectious colitis, and a history of chronic NSAID intake or exposure to radiation.
Informed consent was obtained from all the participants before enrollment in the study, which was approved by the ethics committee of Zagazig University Hospital.
Community-Based Controls 40 healthy age-and sex-matched controls were recruited from the outpatient clinic. They were investigated by the same approach for comparison.
Validation
The aim was to clinically assess the predictive power of the scoring model through evaluation in an age-matched group composed of 60 patients with clinical manifestations suggesting the diagnosis of UC. The methods used were similar to those of the study patients. All the patients had been exposed to colonoscopy.
Clinical Evaluation
All the patients were subjected to full history taking and thorough physical examination.
Laboratory Analysis − Fecal LF: fresh or frozen stool samples assayed by the Human Lactoferrin ELISA Kit (Glory Science Co., Ltd., USA). Reference value in the stool is less than 7.25 μg/mL. − A single, fresh stool specimen was examined within an hour of collection for the presence of visible blood and mucus; the numbers of red blood cells (RBCs) and WBCs were calculated and expressed as average numbers under the following categories: 0, 1-10, 11-20, 21-50, and > 50 cells/HPF. − Complete blood counts were done on the samples within 6 h after phlebotomy. The NLR was calculated by dividing the mean neutrophil count by the mean lymphocyte count with a cutoff value > 2. The MPV was detected by Sysmex from ethylenediaminetetraacetic acid blood samples, which were rapidly processed within 1 h in order to minimize platelet swelling with a reference range of 7.8-11.0 fL. − CRP was measured using a nephelometric method. In apparently healthy persons, blood CRP levels are below 5 mg/L. − ESR at the 1st hour (ESR1) and 2nd hour (ESR2), liver function tests, kidney function tests. − Prothrombin time, partial thromboplastin time, and international normalized ratio. − Imaging as abdominal X-ray in severe UC and abdominal ultrasonography.
Colonoscopy
Contraindications to colonoscopy preparation included fulminant UC, toxic megacolon, perforation, intestinal obstruction, and hemodynamic instability. The endoscopic severity of UC was assessed using the Mayo Clinic subscore [8] . For the initial diagnosis of UC, multiple biopsies (at least 2) were taken from 5 sites around the colon including the rectum and ileum.
Statistical Analysis
Data were analyzed using PASW Statistics 18. The sample size was calculated from the equation = (z score) 2 × SD × (1 -SD) / (margin of error) 2 ; thus, (1.96) 2 × 0.5 × (0.5) / (0.05) 2 = 384 participants were needed. However, 390 patients were collected in the predefined period of the study as shown in Figure 1 .
Continuous variables were summarized as mean ± standard deviation and standard error (SE) when appropriate. The χ 2 test, Student t test, and analysis of variance were appropriately used. The potential risk factors associated with activity in UC were correlated using Spearman's rank correlation. Correlations were significant if p < 0.05. Regression analysis, estimation of odds ratios, and corresponding β coefficients were assessed. A receiver operating characteristic (ROC) analysis was carried out to detect the cutoff value of each variable and examine the diagnostic utility of the constructed scoring model.
A scoring system was postulated composed of the highly correlated variables. Points were assigned to each variable based on the magnitude of its regression coefficient; the one with the smallest β coefficient was given 1 point and the others were given points according to their strength when compared to the smallest. The summed points were grouped into predefined categories for the risk of UC: no risk, low (< 15%), intermediate (15-49%), high (50-79%), and very high (> 80%) [9] .
Results
The study included 168 patients with UC who were subdivided into 3 groups: newly diagnosed (n = 50) with a mean age of 33 ± 8 years, relapse group (n = 58) with a mean age of 34.9 ± 11 years, and remission group (n = 60) with a mean age of 33 ± 12 years (p = 0.8). The mean values of the body mass index for the 3 groups were 25 ± 3.7, 26.4 ± 4.4, and 25.9 ± 3.7, respectively (p = 0.7). The total number of nonsmokers in the 3 groups was 140 patients (83.3%), 20 patients (12%) were smokers, while 8 patients (4.7%) were ex-smokers (p = 0.8).
The frequency of symptoms among the studied patients is shown in Table 1 . Fecal LF mean values were significantly higher in the newly diagnosed and relapse groups when compared to the remission group (1,291 ± 285.6, 1,458 ± 479.5, and 121 ± 26.7 μg/mL, respectively, p = 0.000) ( Fig. 2a ; Table 2 ).
Mean hemoglobin concentration was significantly lower in the newly diagnosed and relapse groups when compared to the remission group (10.3 ± 2, 10.3 ± 1.6, and 12.5 ± 1.6 g/dL, respectively, p = 0.002). Mean corpuscular volume showed an insignificant statistical difference (p = 0.7).
WBC count showed an insignificant statistical difference among the 3 groups (p = 0.07); however, NLR mean values were significantly higher in the newly diagnosed and relapse groups (4.8 ± 2.9, 4.4 ± 1.5) when compared to the remission group (1.8 ± 0.68) (p = 0.000). Platelet count showed an insignificant statistical difference (p = 0.06). Meanwhile, MPV mean values were significantly lower in the newly diagnosed and relapse groups (7.7 ± 0.97, 8.2 ± 1.69 fL) when compared to the remission group (9.3 ± 1 fL) (p = 0.008).
ESR1, ESR2 and CRP were significantly higher in the newly diagnosed and relapse groups when compared to the remission group (p = 0.001). Serum albumin was significantly lower in the newly diagnosed and relapse groups (3 ± 0.78, 3.6 ± 1 g/dL) when compared to the remission group (4.2 ± 0.5 g/dL; p = 0.002) ( Table 2) .
The control group included 40 subjects with a mean age of 35.2 ± 2.5 years, mean fecal LF 5.4 ± 1.3 μg/mL, The relation between markers of activity of UC and histological activity in biopsies retrieved by colonoscopy in all the patients (n = 168) are shown in Table 3 . 28 patients showed inactive disease and all belong to the remission group. Histological activity was evident in 140 patients (83.3%), i.e., 50 new cases, 58 relapse cases, and 32 patients in the clinical remission group; the latter group showed cryptitis without abscess or ulcer formation despite clinical and endoscopic remission.
Fecal LF, WBC count, NLR, ESR1, and CRP were significantly higher and MPV was significantly lower in the histologically active UC patients when compared to the histologically inactive patients, and this magnifies the role of the noninvasive markers in discriminating deep remission from clinical and endoscopic remissions.
Regarding endoscopic severity of UC, the Mayo Clinic subscore classifies UC into (0) quiescent or normal, (1) mild, (2) moderate, and (3) severe. Fecal LF, NLR, ESR1, and CRP were significantly higher in the UC patients with moderate and severe endoscopic changes. MPV and serum albumin were also significantly lower in these groups when compared to the patients with mild endoscopic changes (Table 4 ; Fig. 2b ).
In what follows are the number of patients according to the endoscopic severity of UC: mild degree (n = 9) (erythema, mild friability) in endoscopy: 4 patients among the newly diagnosed patients, 5 patients in the relapse group; moderate degree (n = 60) (marked erythema, friability, erosions): 28 patients among the newly diagnosed patients, 32 patients in the relapse group; severe degree (n = 39) (ulcers with spontaneous bleeding): 18 patients among the newly diagnosed patients, 21 patients in the relapse group; quiescent or normally appearing endoscopy in 60 patients with remission.
38 patients had lesions in the proctosigmoid region (8 in newly diagnosed patients, 16 in the relapse group, and 14 in remission group). Lesions in the left colon were found in 78 patients (28 in the newly diagnosed patients, 24 in the relapse group, and 26 in the remission group). Pancolitis was reported in 52 patients (14 in the newly diagnosed patients, 18 in the relapse group, and 20 in the remission group).
The clinical severity showed a statistically significant association with all of the postulated markers; the extent of UC had no statistically significant association with any marker. Endoscopic severity and histopathological activity showed statistically significant associations with all of the markers except the platelet count (p = 0.058, 0.57) ( Table 5) .
Fecal LF showed a statistically significant association with ESR1 (p = 0.000), CRP (p = 0.000), NLR (p = 0.000), platelet count (p = 0.01), MPV (p = 0.003), albumin (p = 0.001), stool RBCs (p = 0.000), and stool WBCs (p = 0.000). The cutoff value of each variable significantly associated with activity in UC was determined using ROC curve analysis.
Fecal LF at a cutoff of 148.5 μg/mL has a sensitivity of 80% and a specificity of 72% in predicting activity in UC (area under the curve [AUC] 0.9, p = 0.001, 95% CI 0.81-0.99). NLR at a cutoff of 2.35 has a sensitivity of 74% and a specificity of 86% in predicting activity in UC (AUC 0.81, p = 0.01, 95% CI 0.68-0.94). ESR1 at a cutoff of 29.5 mm/h has a sensitivity of 71% and a specificity of 86% in predicting activity in UC (AUC 0.79, p = 0.03, 95% CI 0.58-0.92). CRP at a cutoff of 6.85 mg/L has a sensitivity of 88% and a specificity of 71.7% in predicting activity in UC (AUC 0.890, p = 0.001, 95% CI 0.82-1). MPV at a cutoff of 8.8 fL has a sensitivity of 71% and a specificity of 86% in predicting activity in UC (AUC 0.837, p = 0.005, 95% CI 0.69-0.97).
Fecal WBCs at a cutoff of 9 cells/HPF have a sensitivity of 80% and a specificity of 85.7% in predicting activity in UC (AUC 0.93, p = 0.001, 95% CI 0.86-1). Fecal RBCs at a cutoff of 6 cells/HPF have a sensitivity of 77% and a specificity of 86% in predicting activity in UC (AUC 0.857, p = 0.003, 95% CI 0.74-0.96).
A proposed scoring system was postulated for the prediction of disease activity in patients with UC (Table 6) . A score ≥5 can detect 94% of cases of active UC as determined by the ROC curve with a sensitivity of 94% and a specificity of 100% (AUC 0.92, SE 0.05, p = 0.001, 95% CI 0.82-1.1) (Fig. 3) . The application of the score in the study patients correlating it with clinical, endoscopic and histological severity is shown in Table 7 .
Validation Group
The validation group included 60 patients (36 females, 24 males) with a mean age of 36.2 ± 7.6 years. The mean value of their activity score was 3.5 ± 2.3. 36 patients (60%) showed a score ≤4. According to Truelove and Witts' criteria, 24/36 patients showed mild clinical manifestations (67%), 12/36 patients (33%) showed moderate manifestations, and their endoscopic severity according to the Mayo Clinic subscore revealed that 12/36 patients were quiescent and had a healed mucosa (33%), mild erythema was found in 18/36 (50%) and moderate erythema in 6 (17%), with a corresponding score of 3.5 ± 0.6. Among patients with a score > 4 (n = 24, 40%), 18 patients (75%) showed severe clinical manifestations and 6 patients (25%) showed fulminant colitis; their endoscopic evaluation revealed moderate activity in 6 patients (25%) and severe affection with ulceration in 18 (75%); their corresponding score was 6 ± 0.7.
Discussion
Noninvasive markers of UC may have the potential advantage of avoiding invasive diagnostic tests and their complications [10] . Endoscopy can accurately judge the disease severity and assesses mucosal healing; however, it is invasive, contraindicated in severe or fulminant colitis, costly and has poor patient acceptability or acceptance.
The fecal biomarkers calprotectin and LF are neutrophil-derived proteins that are stable in feces and can be detected in small stool samples. Concentrations of both are raised in patients with gastrointestinal mucosal inflammation. They provide an inexpensive, noninvasive method of testing for active inflammation. They can be used for screening of IBD or mucosal healing and for monitoring the response to medical or surgical interventions. When compared to calprotectin, fecal LF had a higher sensitivity (80 vs. 78%), specificity (85 vs. 83%), PPV (87 vs. 86%), and diagnostic accuracy (81 vs. 80%) in predicting intestinal inflammation [11] .
LF has a higher sensitivity and specificity during the diagnosis of suspected UC than is the case in Crohn's disease [12] and only LF at baseline was associated with a significantly higher relative risk of flare (RR 1.69; p = 0.018), when compared to calprotectin, PMN, and CRP, which are also predictive of a flare [13] . Quantitative immunochemical fecal occult blood measurement is comparable to fecal LF and is easier and more useful than fecal calprotectin in predicting early relapse [14] .
The cutoff value of 7.25 μg/mL for indicating elevated fecal LF had been established and validated for use in patients with IBD [15] . In the current study, fecal LF was significantly higher in newly diagnosed and relapse groups when compared to the remission group; a study by Borkowska et al. [16] found that the mean concentration in patients with active disease was 2,020 ± 1,076 μg/ mL and in patients with inactive disease 136 ± 41 μg/mL (p = 0.001); interestingly during remission, LF level did not return to normal.
Fecal LF at a cutoff value of 148.5 μg/ml had a sensitivity of 80% and a specificity of 72% in predicting activity in ulcerative colitis, in comparison to a study which displayed that LF level (> 100 μg/mL) showed a sensitivity of 87% and a specificity of 68% to identify clinically active UC [17] .
Fecal LF correlated with the endoscopic severity being higher in moderate and severe cases and with histological activity proven by biopsy, which is in agreement with a study by Langhorst et al. [18] who had proven a significant correlation between endoscopic inflammation scores and fecal LF (p < 0.001).
Fecal LF was significantly higher in patients with UC than in healthy controls and correlated significantly with ESR, hematocrit, albumin, and platelet count (p < 0.001). Patients who experienced a clinical flare displayed higher fecal LF levels than those who remained in a clinical remission [17, 19] . A study made by Masoodi et al. [20] observed that a significant fall in CRP, fecal myeloperoxidase, and fecal LF paralleled with the reduction in the Mayo Clinic subscores.
In the current study, total leukocyte count was only able to identify histological activity (p = 0.016). NLR at a cutoff value of 2.35 could discriminate between active and a quiescent UC. NLR was elevated compared to inactive UC patients and controls, and a cutoff value of 2.16 indicated the presence of active disease [21] [22] [23] .
MPV was modulated by a series of cytokines activated in UC. It has an inverse relationship with the disease activity. MPV was correlated significantly with endoscopic severity (mild and severe) (p = 0.03) and histological activity (p = 0.01), which is supported by Kapsoritakis et al. [24] .
We postulated an activity prediction score composed of highly correlated, easily calculated, reproducible, and practical variables; a score > 5 could identify active UC with a sensitivity of 94% and a specificity of 100%, which will help monitor the disease activity, modulate therapy, and avoid repetition of unnecessary colonoscopies. Also, the score was able to discriminate deep remission from clinical and endoscopic remissions. It was tested by its application on a validation group and was efficient in identifying severely affected patients with a sensitivity of 95% and a specificity of 85.7%. The limitation of this study was DOI: 10.1159/000490795 being a single-center study that needed propagation in a wider scale. In conclusion, the activity score was postulated with high performance and should be applied in a wider scale of patients.
